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(54) Analysis of chemical elements 

(57) A method of qualitative and quantitative ele- 
mental analysis of a sample is carried out by first ener- 
gising an anode containing the or one of the elements 
or a compound thereof energising the pure element an- 
ode or compound anode with a pulsed e-beam and ob- 
taining a spectrum of the produced X-ray beam, and 
then energising the sample to be analysed with pulsed 
x-ray beam, obtaining a spectrum of the produced X-ray 



beam and superimposing it between the zero line and 
the spectrum of the pure element or compound, and 
comparing the spectra for qualitative similarity, and, if 
similar, determining the relative concentration of the el- 
ement or compound in the sample by direct measure- 
ment on the superimposed spectra, calibrating said data 
by subtracting the resolution/energy response function 
used as a zero line of the pure element or compound. 



CM 
CO 



o 

CL 
111 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP0 911 627 A1 



2 



Description 

FIELD OF THE INVENTION 

[0001] This invention relates to the qualitative and 
quantitative analysis of chemical elements, compounds 
or mixtures thereof. 

BACKGROUND OF THE INVENTION 

[0002] Energy-dispersive X-ray fluorescence analy- 
sis is known in which X-ray tubes are used as energy 
sources to provide spectra of irradiated material. 
[0003] It is an object of the present invention to pro- 
vide a method of analysis using pulsed or flashed X-rays 
for the analysis, which ensures greater sensitivity and 
optimisation of the individual response radiation of the 
elements or compounds being examined. Optimal 
wavelength or energy dispersive resolution is also 
aimed at as an object of the invention. 

THE INVENTION 

[0004] According to the invention a method of analys- 
ing an element or compound in a sample includes the 
step of energising the pure element anode or compound 
anode with a pulsed e-beam and obtaining a spectrum 
of the produced X-ray beam, and then energising the 
sample to be analysed with pulsed x-ray beam, obtain- 
ing a spectrum of the produced X-ray beam and super- 
imposing it between the zero line and the spectrum of 
the pure element or compound, and comparing the 
spectra for qualitative similarity, and, if similar, determin- 
ing the relative concentration of the element or com- 
pound in the sample by direct measurement on the su- 
perimposed spectra, calibrating said data by subtracting 
the resolution/energy response function used as a zero 
line of the pure element or compound. 
[0005] In a preferred form of 1he invention a series of 
spectra are obtained of the elements and compounds 
expected to be found in the sample or samples and the 
spectrum of the sample is then superimposed on these 
spectra to determine the qualitative and quantitative 
analysis of the sample. 

[0006] The primary spectra may be obtained by 
means of a target having the pure elements and/or com- 
pounds arranged in zones. The energising beam is then 
directed to the various zones in turn and a desired spec- 
trum obtained. Alternatively the target may consist of the 
elements required to be analysed or recognised. This 
spectrum will include identifiable peaks corresponding 
with the elements and compounds of the primary target 
according to superimposed wavelengths obtained by 
non-continuous flashed or pulsed excitation energies of 
the primary and secondary target at the same time. The 
sample will also be subjected to similar superimposed 
excitations so that its spectrum will be obtained in the 
same manner. A simple comparison or superimposition 



of primary and/or secondary target spectra with the ob- 
tained sample spectrum will give a very convenient qual- 
itative and quantitative analysis without the necessity to 
use calibration software in respect of resolution calibra- 

s tions. For this a pair of detectors is necessary. 

[0007] The invention also extends to apparatus for 
carrying out the method of the invention, the apparatus 
including a source of excitation energy and a detector 
for the emitted X-rays, and means to record the emis- 

10 sions in spectral form. 

[0008] The excitation energy means are preferably 
adapted to provide monochromatic wave forms for ex- 
ample X-rays, by the use of suitable filters and/or tar- 
gets. 

is [0009] A schematic arrangement is shown in Figure 
4 whose references are labelled alongside. 
[0010] In Figure 4 a pulsed electron beam is directed 
at an angle to a primary target, in this case of tungsten. 
This produces X-ray radiation comprising Bremsstral- 

20 ung (BS) and the characteristic line spectrum of tung- 
sten (or any other element). 

[0011] The higher the energy of the electrons striking 
the W target, the higher is the energy of the BS, which, 
being white, requires reference to its integral spectrum. 

25 [0012] Higher X-ray excitation than the characteristic 
lines of elements in the X-ray spectrum excites these 
lines and it has been found that in addition to this there 
are further response characteristics as shown in Figure 
1 which depend strongly on the excitation of the W tar- 
so get. With this in mind the present invention proposes to 
pulse this excitation so that every response function for 
the elements is entirely scanned over - thereby ensuring 
that maximum fluorescence of each element observed, 
is received by a comparator. Thus, maximum resolution 

35 (minimum ppm detectable) is achieved. 

[001 3] In another method a single element target may 
be chosen for maximum resolution of all elements up to 
the target element, which gives the zero NC line directly 
(Figure 1). This leads to a quantitative read-out. Then, 

40 by comparison with the mixed target result there is ob- 
tained an errorless comparator solution. 
[0014] Using this arrangement on a target which in- 
cludes minimum two metals like for example W, Os, Ir, 
Pt, La, Ce etc., which have consecutive monotonously 

•*5 increasing or decreasing X-ray corresponding maxi- 
mum resolution energies relative to each other and a 
graph may be obtained of the energy dependence of in- 
cident electron beam on the target and from this graph 
a zero line marked Z can be drawn as well as an NC line 

so (see Figure 1 ) which relates to Cu, Mo and Sn. 

[0015] The incident electron intensity may be ob- 
tained in a manner shown in Figure 3, the top line indi- 
cating the targets, the bottom line indicating the intensi- 
ties and the left hand vertical indicating time. A capacitor 

55 - bank discharge means may be used which drives a 
pulsed tube. 

[001 6] The zero line Z is preferably built into the meth- 
od of sweeping across the excitation energies maximiz- 
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ing thereby maximizing resolution. 
[0017] By means of computerised superimposition a 
graph (Figure 2) may be obtained and by optimal reso- 
lution the qualitative and quantitative detection of the 
three elements can be ascertained. 
[0018] A typical graph is shown in Figure 5 with the 
final analysis below giving a code based on iron being 
the gauge element chosen to resemble 9 in the encod- 
ing process of Patent Application 

Claims 

1 . A method of analysing an element or compound in 
a sample includes the step of energising the pure 
element anode or compound anode with a pulsed 
e-beam and obtaining a spectrum of the produced 
X-ray beam, and then energising the sample to be 
analysed with pulsed x-ray beam obtaining a spec- 
trum of the produced X-ray beam and superimpos- 
ing it between the zero line and the spectrum of the 
pure element or compound, and comparing the 
spectra for qualitative similarity, and, if similar, de- 
termining the relative concentration of the element 
or compound in the sample by direct measurement 
on the superimposed spectra, calibrating said data 
by subtracting the resolution/energy response func- 
tion used as a zero line of the pure element or com- 
pound. 

2. The method according to claim 1 in which a series 
of spectra is obtained of the elements and com- 
pounds expected to be found in the sample or sam- 
ples and the spectrum of the sample is then super- 
imposed on these spectra to determine the qualita- 
tive and quantitative analysis of the sample. 

3. The method according to claim 1 or 2 in which the 
primary spectra are obtained by means of a target 
having the pure elements and/or compounds ar- 
ranged in zones. 

4. The method according to claim 3 in which the ener- 
gizing beam is then directed to the various zones 
(on the primary target) in turn and a desired spec- 
trum obtained. 

5. The method according to claim 3 in which the pri- 
mary target consists of one or more of the elements 
required to be analyzed or recognized. 

6. The method according to any of the above claims 
in which the spectrum includes identifiable peaks 
corresponding with the elements and compounds 
of the primary target according to superimposed 
wavelengths obtained by non-continuous flashed or 
pulsed excitation energies of the primary and sec- 
ondary target at the same time and the sample is 



also subjected to similar superimposed excitations 
so that its spectrum will be obtained in the same 
manner, followed by a simple comparison or super- 
imposition of primary and/or secondary target spec- 
s tra with the obtained sample spectrum to give a very 
convenient qualitative and quantitative analysis. 

7. The method according to any of the above claims 
in which white X-ray light derived by varying the ex- 

10 citation of the primary target, is pulsed to scan over 
the complete response functions of each element 
through the maxima of their resolution functions. 

8. Apparatus for carrying out the method of any o the 
15 above claims including a source of excitation ener- 
gy and a detector for the emitted X-rays, and means 
to record the emissions in spectral form. 

9. The apparatus according to claim 8 in which the ex- 
20 citation energy means is adapted to provide mono- 
chromatic wave forms for example X-rays, by the 
use of suitable filters and/or targets. 
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